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Introduction: The spectacular success of the
NEAR Shoemaker mission suggests that sample return
from near-Earth asteroids is within our technological
grasp. At the same time, many major questions posed
by the laboratory investigation of meteorites and the
astronomical study of asteroids can only be satisfacto-
rily addressed by the return of samples [1]. Returned
samples will enable us to understand the rocks in terms
of their geological context, and they will provide
ground truth for astronomical observations. Returned
samples offer the best opportunity to resolve questions
that have occupied an entire career [e.g. 2].

The Hera Mission: Hera is a proposed Discovery
class mission that will visit three near-Earth asteroids,
reconnoiter each for at least two months, descend to
the most scientifically significant sites to collect sam-
ples by a touch-and-go method, and return the samples
to Earth [1]. Hera’s objective is to collect enough ma-
terial that every qualified scientist can receive samples,
~1 kg in total (~100 g at three sites on three asteroids).

The Hera mission faces two major challenges, the
design of the collector [3] and the
selection of asteroids [4]. This pa-
per concerns asteroid selection. Our

three asteroids that are as compositionally different as
possible and best represent the major classes of aster-
oids, in other words we need taxonomic information.

The Data Currently Available: The data cur-
rently available are listed in Table 1. We identified
forty trajectories that would each fly Hera to three as-
teroids and return samples to Earth using a Delta II
launch vehicle and solar electric propulsion (Fig. 1).
We list the asteroids that appeared in these trajectories
and we give the number of times each appeared in the
forty trajectories. Thus ignoring new NEA discover-
ies, there is a 16 out of 40 chance that 1993-BX3, for
example, will appear in the final selection. We also
list the physical and taxonomic data currently avail-
able: size can be estimated from magnitude and rota-
tion rates are available for six, spectral classes are
known for eight. Ten of the 20 will be observable in
the next five years or so.

The Asteroid Candidates — Engineering Consid-
erations: The main criterion for selecting asteroids
from a mission design perspective is that the asteroid

Table 1. Target asteroids and data relevant to the Hera mission (Unpublished data from
Leon Gefert, and ref. [5]).

approach to asteroid selection has  Name N* Class Size (m) Absolute Rotation Next
been to identify the most dynami- Mag- Period Observational
. nitude (h) Opportunity

Cally faVOI"able astero%ds and then 1993-BX3 16 — 190-420 21 20.463 >10y

try to obtain the required informa-  5900-EA14 16 —  190-440 209 — May 06

tion on them. The required informa-  1989-UO 13 B 500-1100 19 7.733 Oct 03

tion is that which affects the engi-  (4660)-Nereus 12 XE  700-1500  18.2 — Jun 04

neering and dynamics of the space-  1998-KY26 11 CO <40 25.5 0.178 >10y

craft, and that which maximizes the =~ (3361)-Orpheus 10 QorV 500-1100 19 3.58 Oct 05

scientific value of the mission. As  1998-VD32 9 — 100-240 222 — Jul 07

we have discussed elsewhere [4], 2000-AG6 9 — 20-50 253 0.076 >10y

the information required for design 1998-SF36 8 81v) 360 19.2 - Jan 04

of the close proximity operations (10302)-1989-ML 5 X 370-840 19.5 — Jan 06

2000-AF205 5 — 150-330 21.5 — >10y

are: , 1997-UR 3 — 70-160 23 — >10y

e Size (4581)-Asclepius 3 —  250-560 204 — >10y

e Shape 1993-PC 3 — 700-1500 18.3 — —

e  Spin rate 1996-FG3 2 C 600-1400 18.4 — Apr 09

e  Spin state 2000-AH205 2 S 90-220 224 59+16.1 Jun 09

e Orientation of angular  1999-A010 2 — 50-110 23.9 — >10y

momentum (6239)-Minos 1 —  800-1800  17.9 — Jan 04

. 1998-HL3 1 — 300-670 20 — Apr 04

*  Whether the asteroid ) s I — 390880 194 — Jan 04

has a companion
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* N is the number of instances when the asteroid appears in forty independent trajec-
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Fig. 1. The Hera mission will sample three near-Earth asteroids. For the twenty aster-
oids in Table 1 there are 40 possible missions and many additional trajectories have yet
to be identified. The question is, which mission should we fly?

should not have a companion and that all three aster-
oids should require the same proximity operations.
There is no evidence for companions for any of the
asteroids in Table 1, but it seems very unlikely that
companions are not present for some of them and we
urge searches for them. We need rotation rate data for
2000-EA14, Nereus and 1998-VD32, and all the re-
mainder, but 2000-AH205, especially for the asteroids
high in the list. It is probably already clear that 1998—
KY26 and 2000—AG6 should be dropped from the list
of potential targets because they are fast rotators. Fast
rotators might collide with the spacecraft and may
need a different sampling strategy from the others due
to the lack of loose regolith on their surface.

The Asteroid Candidates — Scientific Considera-
tions: The only asteroid candidates for a mission are
the asteroids for which classifications are known and
this limits discussion to eight of the asteroids in Table
1 Even so this currently is an interesting list. We have
two S asteroids, two C asteroids, a B asteroid, a Q/V
asteroid, and two X asteroids [5].

The best known example of a B asteroid, like
1989-UO in our list, is the second largest asteroid,
Pallas. B asteroids are related to C asteroids and their
surface is probably composed of metamorphosed clay
and opaque minerals.

S(V) is the S subclass most closely resembling or-
dinary chondrites. The S(IV) asteroid 1998 SF36 is
the MUSES C target. The asteroid 2000—-AH205 is Sy
class. These asteroids may represent a low pyroxene
type of chondrite.

As one of the two major asteroid classes, perhaps
related to the very important CI and CM chondrites

oids might be the best source of
new materials.

Asteroid Orpheus is either Q
or V class. The Q class is a rare
asteroid class whose spectra closely resemble those of
ordinary chondrites, while the V class are basaltic ma-
terial probably originating on Vesta, the fourth largest
asteroid. The ambiguity over class would easily be
resolved by returned samples, but this would not pro-
vide scientific justification for a mission to this aster-
oid.

Concluding Remarks: While the engineering or
dynamic constraints on asteroid selection are very
clear, choice of asteroid to maximize the science return
is still a matter for discussion. It does already seem
clear that a rich variety of scientifically rewarding tar-
gets are going to be accessible. In any event, before
this discussion can be brought to a conclusion, we
need to fill out Table 1 with data on both physical
properties and taxonomic class for dynamically acces-
sible asteroids. We have made good progress in the
last year and there are many opportunities for further
progress in the next few years.
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